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was used with minor changes: First the AuNPs were stirred for three days after adding 8 mg of BSPP (Bis(p-sulfonatophenyl)phenylphosphine dihydrate dipotassium salt, Sigma-Aldrich). To concentrate the particles, sodium chloride (5 M) was added until the color of the solution changed from red to bluish. Afterwards the solution was centrifugated at 1,600 rcf for 30 min and the supernatant was removed. After dissolving the AuNPs again in BSPP solution (0.8 ml, 2.5 mM in H 2 O) and an equal amount of methanol, the mixtures was centrifugated one more time (1.600 rcf, 30 min). The supernatant was removed and the concentrated AuNPs were dissolved in BSPP solution (0.25 ml, 2.5 mM in H 2 O). An absorption measurement via UV-Vis spectroscopy (Nanodrop) at a wavelength of 530 nm was performed to determine the concentration of the particles (c = absorbance/(ɛ * d), with the molar extinction coefficient for 40 nm AuNP ɛ = 8.42 *10 9 and path length d).
AuNP-DNA conjugation. To stabilize the AuNPs against high MgCl 2 concentration that are needed during the DNA origami folding process and to cover the AuNPs with DNA strands for the hybridization to the DNA origami template, the particles were conjugated with thiolated singlestranded DNA (ssDNA) strands (biomers.net, HPLC purified). To reduce possible disulfide bonds, the thiolated ssDNA was incubated with TCEP (Tris(2-carboxyethyl)phosphine hydrochloride), SigmaAldrich; 20 mM final concentration) for 30 min. AuNPs and thiolated oligonucleotides were mixed together in 0.5x TBE buffer at a ratio of DNA:AuNP = 4800:1 for 40 nm AuNPs and stirred over 3 days on a shaker. To get rid of the excess of unbound ssDNA strands the mixture was centrifugated with 100 kDa MWCO centrifugal filters (Amicon Ultra, Millipore, 10 min, 8,000 rcf) followed by 8 additional spinning steps with 400 µl of 0.5x TBE buffer added to the filter before each centrifugation step. The centrifugation was done directly before adding the AuNPs to the DNA origami structures so that the least possible amount of unbound oligonucleotides -which can block the attachment sites on the DNA origami structure -are present during the conjugation.
AgNP-DNA conjugation. The preparation of silver nanoparticle (AgNP) followed with minor changes the protocol of Pal et al. 2, 3 The AgNP (20 nm, BBI Solutions) were concentrated by centrifugation with 100 kDa MWCO centrifugal filter (8,000 rcf, 5 min). Thiolated DNA (biomers.net, HPLC purified) was added in a ratio of DNA:AgNP = 1200:1 and the solution was incubated on a shaker over night. Then the pH was lowered to pH 3 by adding citrate-HCl buffer to a final concentration of 10 mM. After 30 min of incubation, NaCl was added to a final concentration of 30 mM. Then the pH was raised again by adding 10x the sample volume of 0.5x TBE buffer. The excess of unbound DNA strands was removed by 8 times centrifugation of the mixture with 100 kDa MWCO centrifugal filters (Amicon Ultra, Millipore, 10 min 8,000 rcf).
Functionalization of DNA origami structures with AuNPs (AgNPs).
The stability of the DNA conjugated AuNPs was tested by adding a droplet of AuNPs to a solution containing 20 mM of MgCl 2 . If no color change is observed, the particles are fully covered with DNA and ready for the DNA origami structure functionalization. The DNA-covered AuNPs (AgNPs) were mixed together with the purified DNA origami template structure in a ratio of 3 AuNPs (AgNPs) per attachment site on the DNA origami structure. A four particle ring structure, for example, offers 4 attachment sites and thus the ratio of AuNPs:DNAorigami is 12:1. This excess of NPs is necessary to avoid cross-linking of different DNA origami structures. The solution was kept on a shaker over 24 h at 22 °C. After attachment of the AuNPs (AgNPs) to the DNA origami structures the assembled plasmonic ring structures were purified from excess of unbound AuNPs (AgNPs) via 0.7 % agarose gel in 0.5x TBE buffer with 11 mM MgCl 2 . The structures were extracted from the gel by excising the bands and centrifuging the gel pieces with Freeze 'N Squeeze spin columns (BioRad) at 2.600 rcf for 8 min.
Transmission electron microscopy (TEM) grid preparation, dark-field scattering spectroscopy and scanning electron microscopy (SEM).
The gel-purified structures were immobilized on a carbonformvar-coated grid and stained with 1 % uranyl acetate for 20 seconds. The TEM measurements were performed using a JEOL JEM-1100 electron microscope at 80 kV. For dark-field scattering spectroscopy the gel-purified structures were 100x diluted with 0.5x TBE buffer and 11 mM MgCl 2 and deposited on a glass slide. First, scattering spectroscopy was performed in liquid in a dark field configuration using an oil immersion dark field condenser with NA=1.2 (Zeiss) and Achroplan 100x water objective (NA=1.0, Zeiss). After drying the samples with a nitrogen flow, the samples were further studied with an Epiplan-Neofular 100x air objective (NA=0.9, Zeiss). The illumination source was a 100 W halogen lamp (Zeiss) and the spectra were detected with an Acton SP2500 spectrometer (Princeton Instruments). Subsequently the glass slides were carbon sputtered and SEM images were taken with a Gemini Ultra Plus SEM (Zeiss). The absorption spectrum of the gel-purified structures in solution was taken with a Jasco V-650 spectrometer.
Supplementary Note S2. CaDNAno 4 image of the DNA origami ring structure. The scaffold path (blue), the staple oligonucleotides (grey), the connection staples to close the ring (turquoise) and the attachment sites (red and orange, encircled in red) are shown in this schematic picture. The folded ring template structure has a diameter of around 60 nm and offers 14 attachment sites for AuNPs or AgNPs, each site consisting of 5 single stranded 15 nucleotide (nt) long extensions on the 3' end of the origami staples. The AuNPs are bound via hybridization to the DNA origami template by covering them with ssDNA of complementary sequence to the attachment sites. To specifically attach AuNPs of different sizes as shown in Fig 1b of the manuscript, different DNA extension sequences were used for the attachment sites as well as for covering the nanoparticles.
